In the previous studies, correlation between natural background radiation exposure rates and cancer mortality rates in 46 Japanese prefectures was statistically studied over the period of . With regard to the correlation between natural background radiation exposure rate and crude (non-age-adjusted) cancer mortality rate, statistically significant positive correlation coefficients were observed in most cases of cancers with only a few exceptions. However, the significance of the correlation mostly disappeared through age-adjustment with only three exceptions. We examined the cause of this apparent correlation and found that natural radiation levels are positively correlated with prefectural population component ratios for those inhabitants older than 40, 50 and 65 years.
Introduction
Ionizing radiation can cause stochastic effects with a probability depending on the dose received, and non-stochastic effects in the dose region higher than the threshold level. Carcinogenesis and genetic effects have been considered to be typical examples of the former. In Japan and elsewhere, there has been a growing interest in the stochastic effects of ionizing radiation following the development of the use of nuclear energy. Studies on the statistical significance of the correlation between cancer mortality rate and natural background exposure rate are becoming important as sources of basic data on the effects of artificial ionizing radiation.
Man receives external radiation through cosmic rays and terrestrial radioactivity, and, in addition, internal radiation from natural radioactive substances deposited in the body including 40K. The internal radiation dose due to 4°K does not depend on the geological features of the area of residence, but the external radiation levels, especially those due to terrestrial sources of radioactivity, depend considerably upon such geological characteristics.
In the first report [1] , we gave details of the statistically significant positive correlation which was observed in most cases of cancers between prefectural natural background radiation exposure rates and crude cancer mortality rates in 1968-1978. In the second study [2] , we found that the significance of correlation between natural background radiation exposure rates and age-adjusted cancer mortality rates in the same period mostly disappeared, with two exceptions of female stomach and uterine cancers. Furthermore, in the second study, we examined the cause of this apparent correlation and found that natural radiation levels are positively correlated with prefectural population component ratios for those inhabitants older than 40, 50 and 65 years. In Japan, a number of prefectures with a higher natural background exposure rate are located in relatively thinly populated districts which have been experiencing an outflow of the younger generation to more highly industrialized and urbanized areas. This is the reason for the drift of age composition in these prefectures. Therefore, statistically significant positive correlations were observed for almost all cancers between prefectural natural background radiation exposure rates and crude cancer mortality rates, since the cancer mortality rate is relatively greater in higher age groups. In the third study [3] , we found that the above-mentioned phenomena occurred in 1950-1957, in 1958-1967 and even in 1950-1978 as well as in 1968-1978. In the fourth study [4] , we tested statistically the normality of the frequency distribution patterns of natural background exposure rate and age-adjusted cancer mortality rate according to the chi-squared test and cumulant (skewness and kurtosis). It was proved that the natural background radiation exposure rate and most of the age-adjusted cancer mortality rates showed normal distributions according to any statistical test. Therefore, it was considered that the Pearson's product moment correlation coefficient was extremely suitable as an indicator of correlation for most types of cancer. Furthermore, we adopted Spearman's rank correlation coefficient. It was obvious that the statistical significance of correlation between natural radiation level and cancer mortality rate did not differ much from the results obtained using Pearson's product moment correlation for most cancers.
In the present study, we considered that the atomic bombings of Hiroshima and Nagasaki could have affected the cancer mortality rates in these prefectures, and carried out recalculations of Pearson's product moment correlation coefficient between the natural radiation level and cancer mortality rate in 44 Japanese prefectures while excluding the data for Hiroshima and Nagasaki prefectures.
Prefectures included in the statistical study Japan is administratively divided into 47 prefectures, which were the funda- these are omitted in the present study. Table 1 shows the representative exposure rate with standard deviation in each prefecture. Table 2 shows the period and the simple classification of cancers taken up for analysis in the present study. In addition to the items in Table 2, analysis was done over the period of 1950-1978 in the case of total cancer mortality rate, Table 2 Periods and simple classification of cancers studied and 1958-1978 in the cases of stomach, lung, breast and uterine cancers and leukemia. Table 3 is a list of Pearson's product moment correlation coefficients between the natural background radiation exposure rates and the age-adjusted cancer mortality rates in 44 Japanese prefectures excluding Hiroshima and Nagasaki. As coin- Table 3 Pearson's product moment correlation coefficient between natural background radiation exposure rate and age-adjusted cancer mortality rate in 44 Japanese prefectures excluding Hiroshima and Nagasaki pared with the case when Hiroshima and Nagasaki were included (Table 4) , in the case of female pancreas cancer in 1968-1978, the significance level of negative correlation changed from 5% to 10%, and total female cancers and liver cancer for both sexes in 1968-1978 came to show significant positive correlations at the 10% level as a result of this recalculation. In the case of other cancers, the significance of correlation did not change following recalculation excluding Hiroshima and Nagasaki. and Nagasaki. However, this change was rather trivial, and it can be said that exclusion of the Hiroshima and Nagasaki data produced no meaningful influence on the results of the previous study [1] [2] [3] .
